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Description 

[0001] The present invention relates to a magnetic 

resonance imaging method and apparatus. !t finds par- 
ticular application in conjunction with magnetic reso- 
nance Imaging of the spine In permanent C-magnet 
magnetic resonance imaging systems and will be de- 
scribed with particular reference thereto. However, it is 
to be appreciated that the present application will also 
find application In conjunction with other magnetic res- 
onance imaging and spectroscopy systems in which the 
Bq primary magnetic field is orthogonal to the plane of 
the radio frequency coils. 

[0002] Conventionally, magnetic resonance Imaging 
procedures include disposing the patient in a substan- 
tially uniform, primary magnetic field Bq. Magnetic res- 
onance is excited in dipoles which preferentially align 
with the Bq field by transmitting radio frequency excita- 
tion signals into the examination region and receiving 
radio frequency magnetic resonance signals emanating 
from the resonating dipoles. 

[0003] Most commonly, the Bq field is generated along 
the central bore of an annular magnet assembly, i.e., the 
Bq field aligns with the central axis of the patient. Cylin- 
drical radio frequency and gradient magnetic field coils 
surround the bore. In order to Improve the signal-to- 
noise ratio, quadrature surface coils have been utilized 
to examine a region of interest in quadrature, i.e., to re- 
ceive signal components that are perpendicular to the 
coil and components that are parallel to the coil. See, 
for example, U.S. Patent No. 4,918,388 of Mehdizadeh, 
which illustrates a loop coil and a flat Helmholtz coil, both 
of which receive resonance signals from the same re- 
gion. The loop and flat Helmholtz coils are sensitive to 
orthogonal components of the magnetic resonance sig- 
nal emanating from dipoles that are aligned with the hor- 
izontal magnetic field. When the output of one of the loop 
and flat Helmholtz coils is shifted by 90** and the two 
signals are combined, the signal-to-noise ratio is im- 
proved by about V2. 

[0004] In order to examine larger regions of patients 
disposed in the bore of a horizontal Bq field imager, sur- 
face coils consisting of a plurality of loop coils have also 
been used. See, for example U.S. Patent No, 4,825,162 
of Roemer and Edelstein. More specifically, a series of 
loop coils are partially overlapped in order to examine 
contiguous regions. As explained mathematically by 
Grover in "Inductance Calculations" (1946) and summa- 
rized in the Roemer and Edelstein patent, the mutual 
inductance between adjacent coils is minimized when 
the coils are positioned by a slight overtap. Although the 
use of overlapped loop coils with the induction mini- 
mized enabled a larger area to be examined, each coll 
was linear. That is, each coil was sensitive to only one 
component and not sensitive to the orthogonal compo- 
nent such that no quadrature detection was provided. 
[0005] U.S. Patent No. 4,721 ,91 3 of Hyde, et al. illus- 
trates another surface coil technique for horizontal field 



magnets. A series of linear coils are arranged continu- 
ous to each other, but with each coil disposed 90° out- 
of-phase with adjacent coils. Thus, each coil received a 
radio frequency magnetic resonance signal component 
5 that was orthogonal to its neighbors. 

[0006] In U.S. Patent No. 5,394,087 of Molyneaux, a 
loop and flat Helmholtz coil are superimposed to provide 
a flat quadrature coll. A plurality of these flat quadrature 
coils are partially overlapped to define a planar, quad- 

10 rature coil array. 

[0007] While the above-referenced surface coils are 
effective for horizontal Bq field magnetic resonance im- 
aging equipment, all magnetic resonance imaging 
equipment does not employ a horizontal Bq field. C- 

15 magnet magnetic resonance imagers include a pair of 
parallel disposed pole pieces which are interconnected 
by a C or U-shaped iron element. The iron element may 
be a permanent magnet or can be electrically stimulated 
by encircling colls to a magnetic condition. Typically, the 

20 pole pieces are positioned horizontally such that a ver- 
tical field is created in between. Thus, in an annular bore 
magnetic field imager, the Bq field extends between the 
patient's head and feet (or feet and head); whereas, in 
a C-shaped magnet the Bq magnetic field extends be- 

25 tween a patient's back and front (or front and back). Due 
to the 90^ rotation of the Bq field, quadrature surface 
coils such as illustrated in the above-referenced U.S. 
Patent No. 5,394,087, when positioned along the pa- 
tient's spine in a vertical Bq field magnetic resonance 

30 imager, would not function In quadrature. They would 
lose sensitivity to one of their modes. A resonator for 
examining a particular region of a patient in the field of 
such a magnet has been proposed (US-A-5 153 517), 
which uses quadrature signal take-offs between electri- 

35 cally conductive connecting elements connected to 
180° opposite points, offset by 90* from each other, on 
an electrically conductive loop. 
[0008] The present invention provides a new and im- 
proved radio frequency coil that provides quadrature re- 

40 ception/transmission in vertical Bq field magnets. 

[0009] The invention provides a magnetic resonance 
imaging system which Includes a pair of generally hori- 
zontal magnet pole pieces between which a vertical, 
temporally constant Bq magnetic field is defined, a gen- 

45 erally C-shaped ferrous flux path connecting the pole 
pieces, gradient magnetic field coils disposed adjacent 
the pole pieces for causing gradient magnetic fields 
across the temporally constant Bq magnetic field, a 
means for exciting resonance in selected dipoles in be- 
so tween the pole faces such that the dipoles generate res- 
onance signals about a characteristic resonance fre- 
quency, a radio frequency coil assembly for receiving 
resonance signals from the resonating dipoles, at least 
one radio frequency receiver for demodulating the res- 

55 onance signals from the radio frequency coil, and a re- 
construction processor for reconstructing the demodu- 
lated radio frequency signals into an image representa- 
tion, and wherein the radio frequency coil assembly In- 
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eludes: 

a first electrically conductive loop; 
a first signal take-off point between electrically con- 
ductive connecting elements extending between a 
first pair of 180° opposite points of the first electri- 
cally conductive loop; 

a second signal take-off point between electrically 
conductive connecting elements connected be- 
tween a second pair of 180* opposite points on the 
first electrically conductive loop, which second pair 
of 180° opposite points on the first electrically con- 
ductive loop are substantially 90° offset from the 
first pair of 180° opposite points, such that the res- 
onance signals from the first and second signal 
take-off points are substantially 90° out-of-phase in 
a quadrature relationship, the first and second sig- 
nal take-off points being connected via electrical 
leads with the receiver, characterised by a second 
electrically conductive loop which partially overlaps 
the first electrically conductive loop. 

[001 0] One advantage of the present Invention is that 
it provides quadrature detection over an extended re- 
gion of the anatomy on vertical field systems. 
[0011] Another advantage of the present invention Is 
that it simultaneously receives In quadrature for \m- 
proved signal-to-noise and reduced acquisition time. 
[001 2] Another advantage of the present invention is 
that it may be contoured to the anatomical area of inter- 
est. 

[0013] The invention will now be further described by 
way of example with reference to the accompanying 
drawings in which: 

FIGURE 1 Is a diagrammatic illustration of a mag- 
netic resonance system in accordance with the 
present invention; 

FIGURE 2 is an enlarged view of the coll assembly 
of FIGURE 1; 

FIGURE 3 illustrates a technique for trueing the or- 
thogonality of the components of a single coil; 
FIGURE 4 illustrates a technique for adjusting the 
mutual inductance of two or more coils; 
FIGURE 5 illustrates another technique for adjust- 
ing the coils to minimize their mutual inductance; 
FIGURE 6 illustrates yet another technique for min- 
imizing the mutual inductance of the coils; 
FIGURE 7 Is a schematic representation of the coil 
array of FIGURE 2 in which the quadrature compo- 
nents are combined at the coil; 
FIGURE 8 is a schematic representation of the coil 
array of FIGURE 2 in which the signals from each 
coil are processed individually; 
FIGURE 9 illustrates an alternate embodiment in 
which the coils are non-planar to accommodate pa- 
tient anatomy; 

FIGURE 10 illustrates another alternate embodi- 



ment in which the coils are non-planar to accommo- 
date patient anatomy; 

FIGURE 11 is another alternate embodiment in 
which two parallel aaays are provided on opposite 
5 sides of the patient for .volume imaging; 

FIGURE 12 illustrates another alternate embodi- 
ment of the present invention with four modes; 
FIGURE 13 illustrates another alternate embodi- 
ment with a pair of double-D coils; and, 
10 FIGURE 14 illustrates another alternate embodi- 
ment with a pair of orthogonal Figure-8 coils. 

[0014] With reference to FIGURE 1, an imaging re- 
gion 10 is defined between pole pieces 12, 14. The pole 

15 pieces are interconnected by a ferrous flux path 1 6, such 
as a C or U-shaped iron element. In a preferred embod- 
iment, the iron element 16 is a permanent magnet which 
causes a vertical Bq magnetic field between the pole fac- 
es across the imaging region. Alternately, electrical 

20 windings may be provided for inducing the magnetic flux 
in the ferrous flux path 16 and the Bq field across the 
pole faces. Passive or active shims are disposed at the 
pole pieces or in the ferrous flux path adjacent the pole 
pieces to render the vertical Bq field more linear across 

25 the imaging region 10. 

[0015] For imaging, magnetic field gradient coils 20, 
22 are disposed at the pole pieces 12, 14. In the pre- 
ferred embodiment, the gradient coils are planar coil 
constructions which are connected by gradient amplifi- 

30 ers 24 to a gradient magnetic field controller 26. The 
gradient magnetic field controller, as is known in the art, 
causes current pulses which are applied to the gradient 
coils such that gradients in the uniform magnetic field 
are created along the longitudinal or z-axis, the vertical 

35 or y-axis, and the transverse or x-axis. 

[0016] In order to excite magnetic resonance in di- 
poles of a subject disposed in the examination region 
10, radio frequency coils 30, 32 are disposed between 
the gradient coils and the Imaging region. A radio fre- 

40 quency transmitter 34, preferably a digital transmitter, 
causes the radio frequency coils to transmit radio fre- 
quency pulses requested by a radio frequency pulse 
controller 36 to be transmitted into the imaging region 
10. A sequence controller 40, under operator control, 

45 retrieves an imaging sequence from a sequence mem- 
ory 42. The sequence controller 40 provides the se- 
quence information to the gradient controller 26 and the 
radio frequency pulse controller 36 such that radio fre- 
quency and gradient magnetic field pulses in accord- 
so ance with the selected sequence are generated. 

[0017] A radio frequency surface coil assembly 50 is 
disposed along a region of interest of the subject. Typi- 
cally, the radio frequency coils 30, 32 are general pur- 
pose coils and are built-in. On the other hand, specialty 

55 surface coils are removable for greater flexibility. How- 
ever, the surface coil 50 and the below-described alter- 
nate embodiments can be the only radio frequency coils 
in the system. In the embodiment of FIGURE 1 , the sur- 
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face coil assembly 50 Is an elongated spine coil that is 
disposed on a patient supporting surface immediately 
below the spinal column of a patient resting on the pa- 
tient supporting surface. The surface coil assembly 50 
with radio frequency receivers 52 demodulates the radio ^ 
frequency resonance signals received by the built-in 
and/or removable radio frequency coils. As is explained 
in greater detail below in conjunction with FIGURES 3 
and 4, the surface coll assembly 50 Is an array of coils, 
each connected with one or more receivers 52. Signals io 
from the receivers are digitized with an array of analog- 
to-digital converters 54 and processed by a reconstruc- 
tion processor 56 into volumetric image representations 
which are stored in a volumetric image memory 58. A 
video processor 59, under operator control, withdraws 15 
selected image data from the volume memory and for- 
mats it into appropriate fonnat for display on a human- 
readable display 61 , such as a video monitor, active-ma- 
trix monitor, liquid crystal display, or the like. 
[001 8] With reference to FIGURE 2, the coll array 50 20 
has a plurality of window pane coils 50-,, 5O2, etc. of like 
construction. Each of the window pane coils has two 
modes, one in the x-direction and one In the z-direction. 
More specifically, each window pane coil includes a pe- 
ripheral loop 60 which, In the illustrated embodiment, 25 
has four legs or segments 60^, 6O2, 6O3, and 6O4 of 
equal length which are disposed in an orthogonal pat- 
tern to define a square. A first cross-member 62^ is con- 
nected to oppositely disposed, ISC' opposite points on 
the peripheral loop, specifically to the center of oppo- 30 
sitely disposed peripheral elements 60^ and 6O3. Signal 
take-off points 64^ are connected by leads from the first 
cross-member to the receivers 52. A second cross- 
member 622 connected to 180° opposite connection 
points on the outer loop that are 90** offset with respect 35 
to the first cross-member connection points, particulariy 
to the central point of opposite legs 6O2 and 6O4. The 
two cross-members 62^ and 622 cross perpendicular to 
each other but are not connected to each other. A sec- 
ond pair of take-off points 642 on the second cross- ^0 
member 622 are connected by leads with the receivers 
52. Each of the window pane coils 52^, 522, 
analogous coll take-offs. The coil defined by the cross- 
member 62i an the loop coil 60 receives radio frequency 
signals with a polarity 66x. By distinction, the coil defined ^5 
by the loop coil 60 and the cross-member 622 sensi- 
tive to radio frequency signal components 66^, which ex- 
tend in the z-direction. Capacitors are added as neces- 
sary to tu ne the coils such that the first pair of connection 
points are at a virtual ground with respect to the second 50 
take-off points and the second pair of connection points 
is at a virtual ground with respect to the first take-off 
points. 

[001 9] For a two-coil construction, there are thus four 
modes - two x-modes and two z-modes. The x-modes 55 
and z-modes within each coil are orthogonal to each oth- 
er and have minimum mutual inductance due to the 
symmetry. Altemately, as shown in FIGURE 3, a reac- 



tive element can be connected between cross-members 
to adjust the orthogonality of the modes, particulariy 
when the above-discussed symmetry is lacking. Analo- 
gously, the x-mode in one coil and the z-mode in the 
other coil are orthogonal and have minimal mutual in- 
ductance due to the symmetry. The coils are overiapped 
such that the x-modes between two adjacent coils have 
a minimum mutual inductance due to spatial position. 
Preferably, the z-modes of the two coils also have min- 
imum mutual inductance at the overiap. 
[0020] With reference to FIGURE 4, the two colls are 
overiapped until the x-modes have a minimum mutual 
inductance. If the z-modes do not have a minimum mu- 
tual inductance at this point, a reactive element 70 is 
added for changing the current distribution of the z- 
mode of one or both coils until minimum mutual induct- 
ance is achieved. Altemately, as illustrated in FIGURE 
5, a reactive element 72 can be placed between the two 
coils to feed cun-ent between the coils to achieve mini- 
mum mutual inductance. The reactance 72 can be be- 
tween the z-mode cross-members to minimize the mu- 
tual inductance between the z-modes. As yet another 
altemative, as illustrated in FIGURE 6, the dimension of 
one or both of the coils In the z-dlrection can be extend- 
ed or contracted to achieve mutual minimum inductance 
by changing geometry. 

[0021] With reference to FIGURE 7, the x and z-or- 
thogonal coil leads from coil 50^ are connected inde- 
pendently with a pair of matching circuits 80^ and SO^. 
Analogously, the x and z-mode coils of the window pane 
coil 5O3 are connected with matching circuits 82^ and 
822- Some or all of the capacitors or other reactive ele- 
ments of the circuits 80, 82 can be incorporated into the 
coil 50. The x and z-components of the window pane 
coil 50^ are 90"" phase-shifted and combined by a 
phase-shifter and combiner circuit 84. Analogously, the 
X and z-components of the window pane coil 5O2 are 90° 
phase-shifted and combined by a phase-shifter and 
combiner 86. The combined, unitary output from each 
of the coils 50^, 5O2, etc. are connected with amplifiers 
88^, 882. Preferably, the amplifiers are mounted at the 
coil assembly. The plurality of receivers 52 includes a 
receiver 52^ for demodulating the combined signal from 
coil 50^ and a second receiver 522 ^^r demodulating the 
combined output signal from coll 5O2. The analog-to-dlg- 
ital converter array 54 includes an analog-to-digital con- 
verter 54^ for digitizing the output of receiver 52^ and 
an analog-to-digital converter 542 for digitizing the out- 
put of the radio frequency receiver 522- 
[0022] With reference to FIGURE 8, the output of 
each component of the coils can be demodulated indi- 
vidually. More specifically, the x and z-components of 
coil 50^ are again conveyed to matching circuits OO^' and 
80^' while the x and z-components of coil 5O2 are con- 
veyed to matching circuits 82x' and 82^. The outputs of 
the matching circuits are conveyed to individual pream- 
plifiers 90i. 9O2, 9O3, and 9O4. The array of receivers 52 
includes individual receivers 92^, 922, 923, and 924 for 
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demodulating each of the x and z-components. Analo- 
gously, the analog-to-digital converter array 54 includes 
Individual analog-to-digital converters 94-,, 942. ^^3» ^^4 
for digitizing each of the components. These signals 
may be combined in digital form analogous to the com- 5 
biner of FIGURE 7 or used in other types of processing 
as are known in the art. As yet another alternative, the 
resonance signals can be digitized on the surface coil 
assembly and demodulated by a digital receiver. 
[0023] With reference to FIGURE 9, the window pane io 
coils may be non-planar to conform with portions of the 
patient's anatomy. For example, the cross-members 
may extend out of the plane, symmetrically, such as to 
follow the contours of the patient's breasts for breast im- 
aging. In the embodiment of FIGURE 10, portions of the 15 
exterior loop coil are raised out of the plane to provide 
better coverage of the patient's neck, for example. As 
yet another altemative, the coils may be disposed along 
an arcuate curve. 

[0024] With reference to FIGURE 1 1 , a pair of arrays 20 
can be positioned on opposite surfaces of the patient to 
surround the imaging volume more completely. The 
FIGURE 11 embodiment is well-adapted to be built into 
the pole pieces as the standard whole volume radio fre- 
quency coils. 25 
[0025] With reference to FIGURE 1 2, the cross-mem- 
bers of the window pane coil can be connected at a cen- 
tral point 100. This provides a coil with two additional 
modes. In particular, when the window pane coil is sym- 
metric, the two extra modes are at 45'' relative to the x 30 
and z-modes and at a higher frequency. This enables 
the coil to be doubly-tuned for multi-channel spectros- 
copy imaging. As indicated above, although the window 
pane coil is preferably symmetric, it need not be. Reac- 
tive elements may be provided between the modes to 35 
adjust their relative orthogonality. 
[0026] As illustrated in FIGURE 13, each of the win- 
dow pane coils 50^, 5O2, etc. may be built from a pair of 
analogous double-D or butterfly coils rotated 90° rela- 
tive to each other. In the FIGURE 13 embodiment, coil 40 
50i includes a first double-D coil 110 having take-off 
points 112 and a second double-D coil 114 having take- 
off points 116. These assemblies can again be over- 
lapped to fomfi arrays and can have added reactive el- 
ements to adjust orthogonality. As illustrated in FIGURE 45 
14, the window pane coils can be approximated by a 
pair of Figure-8 or double-diamond coils 120, 122. The 
coils again have substantially linear segments that cross 
perpendicular to each other, without connecting. The 
coils can again be overlapped in arrays, preferably with so 
its outer loop portion square or rectangular. 



Claims 

55 

1. A magnetic resonance imaging system which in- 
cludes a pair of generally horizontal magnet pole 
pieces (1 2, 14) between which a vertical, temporally 



constant Bq magnetic field is defined, a generally 
C-shaped ferrous flux path (16) connecting the pole 
pieces (12, 14), gradient magnetic field coils (20, 
22) disposed adjacent the pole pieces (12, 14) for 
causing gradient magnetic fields across the tempo- 
rally constant Bg magnetic field, a means for excit- 
ing resonance in selected dipoles in between the 
pole faces such that the dipoles generate reso- 
nance signals about a characteristic resonance fre- 
quency, a radio frequency coil assembly (50) for re- 
ceiving resonance signals from the resonating di- 
poles. at least one radio frequency receiver (52) for 
demodulating the resonance signals from the radio 
frequency coll, and a reconstruction processor (56) 
for reconstructing the demodulated radio frequency 
signals into an image representation, and wherein 
the radio frequency coil assembly includes: 

a first electrically conductive loop (60, 50-i); 
a first signal take-off point (64^) between elec- 
trically conductive connecting elements (62-|) 
extending between a first pair of ISC' opposite 
points of the first electrically conductive loop; 
a second signal take-off point (642) between 
electrically conductive connecting elements 
(622) connected between a second pair of ISO"" 
opposite points on the first electrically conduc- 
tive loop (60, 50^), which second pair of 180° 
opposite points on the first electrically conduc- 
tive loop (60, 50^) are substantially 90° offset 
from the first pair of 180° opposite points, such 
that the resonance signals from the first and 
second signal take-off points (64, 622) are sut>- 
stantially 90° out-of-phase in a quadrature re- 
lationship, the first and second signal take-off 
points (64-1. 622) being connected via electrical 
leads with the receiver, characterised by a 
second electrically conductive loop (5O2) which 
partially overiaps the first electrically conduc- 
tive loop (50^). 

2. A magnetic resonance imaging apparatus as 
claimed in claim 1 , further including: 

a third signal take-off point between electrically 
conductive connecting elements which extend 
between a third pair of 180° opposite points of 
the second electrically conductive loop (5O2) ; 
and 

a fourth signal take-off point between electrical- 
ly conductive connecting elements connected 
between a fourth pair of 180** opposite points 
on the second electrically conductive loop, 
which fourth 180° opposite points on the loop 
are substantially 90° offset from the third pair 
of ISO*' opposite points. 

3. A magnetic resonance imaging system as claimed 



9 



EP 0 759 560 B1 



10 



in claim 1 or claim 2, wherein the first electrically 
conductive loop (60, 50^) and the first and second 
electrically conductive connecting elements (62i, 
622) ail lie substantially in a common plane. 

5 

4. A magnetic resonance imaging system as claimed 
in any one of the preceding claims, wherein the first 
electrically conductive loop (60, SO^) Is square with 
the first 1 SO"" opposite points being disposed at mid- 
points of first opposite sides (60^ , 6O3) of the square 10 
and the second ^80° opposite points being dis- 
posed at mid-points of second opposite sides (6O2. 
6O4) of the square. 

5. A magnetic resonance Imaging system as claimed 
in claim 4, wherein mid-points of the first and sec- 
ond electrically conductive connecting elements 
(62-1 , 622) are connected to define four symmetric 
interconnecting segments, each of the intercon- 
necting segments being connected with the at least 20 
one radio frequency receiver such that the coil sup- 
ports four modes 45^ apart. 

6- A magnetic resonance imaging apparatus as 
claimed in claim 1 , wherein the first electrically con- 25 
ductive loop and the first and second electrically 
conductive connecting elements are formed from a 
pair of butterfly coils or a pair of figure of eight coils 

7. A magnetic resonance imaging method which in- 30 
eludes generating a vertical, temporally constant Bg 
magnetic field, selectively generating gradient mag- 
netic fields across the temporally constant Bq mag- 
netic field, exciting resonance in selected dipoles 
disposed within the Bq magnetic field at a charac- 35 
teristic resonance frequency, receiving the reso- 
nance signals from the resonating dipoles, demod- 
ulating the received resonance signals, and recon- 
structing the demodulated radio frequency signals 
Into an image representation, including receiving 40 
the magnetic resonance signals with a radio fre- 
quency coil assembly formed by connecting a first 
signal take-off point (64-,, 6^2) between electrically 
conductive elements (62^) between a pair of 180° 
opposite points of a first electrically conductive loop 45 
(60, 50i), and connecting a second signal take-off 
point (64, 642) between electrically conductive ele- 
ments (622) between a second pairof leC" opposite 
points on the electrically conductive loop with the 
second pair of 1 80° opposite points being 90° offset 50 
from the first pair, such that resonance signal com- 
ponents demodulated from the first and second sig- 
nal take-off points are substantially 90° out-of- 
phase in a quadrature relationship, characterised 
by the step of including in said coil assembly a sec- 55 
ond electrically conductive loop which partially 
overiaps the first electrically conductive loop. 



8. A method as claimed in claim 7, including arranging 
the electrically conductive loops and the first and 
second electrically conductive elements substan- 
tially in a common plane and positioning the radio 
frequency coil in the Bq magnetic field with the com- 
mon plane substantially perpendicular to the Bq 
field. 



Patentanspruche 

1. Magnetresonanz-Blldgebungssystem mit: einem 
Paar allgemein horizontaler Magnetpolstucke (12, 
14), zwischen denen ein vertikales, temporar kon- 
stantes Bo-Magnetfeld definierte ist; einem allge- 
mein C-formigen Eisenflussweg (16), der die Pol- 
stucke (12, 14) miteinander verbindet; Gradienten- 
magnetfeldspulen (20, 22). die neben den Polstiik- 
ken (12. 14) angeordnet sind. um Gradientenma- 
gnetfelder uber das temporar konstante Bg-Ma- 
gnetfeld zu bewlri<en; einem Mittel zur Anregung 
von Resonanz in ausgewahlten Dipolen zwischen 
den Polselten, so dass die Dipole Resonanzsignale 
um eine charakteristische Resonanzfrequenz er- 
zeugen; einer Hochfrequenzspulenanordnung (50) 
fur den Empfang von Resonanzslgnalen der 
schwingenden Dipole; mindestens einem Hochfre- 
quenzempfanger (52) fur die Demodulation der Re- 
sonanzsignale von der Hochfrequenzspule; und ei- 
nem Rekonstruktionsprozessor (56) fur die Rekon- 
struktion der demodulierten Hochfrequenzsignale 
zu einer Bilddarstellung, wobei die Hochfrequenz- 
spulenanordnung Folgendes umfasst: 

eine erste elektrisch leitfahige Schleife (60, 

50i); 

einen ersten SIgnalabgriffspunkt (64^) zwi- 
schen elektrisch leitfahigen Veri^indungsele- 
menten (62^), die sich in einem ersten Paar von 
um 1 80° gegeniiberiiegenden Punkten der er- 
sten elektrisch leitfahigen Schleife erstrecken; 
einen zwelten SIgnalabgriffspunkt (643) zwi- 
schen elektrisch leitfahigen Verbindungsele- 
menten (622), die zwischen eIn zweltes Paar 
von um 180° gegenuberilegenden Punkten an 
der ersten elektrisch leitfahigen Schleife (60, 
5O-1) geschaltet sind, wobei das zweite Paar der 
um 180° gegenuberilegenden Punkten auf der 
ersten elektrisch leitfahigen Schleife (60, 50-i) 
Im Wesentlichen um 90° versetzt vom ersten 
Paar der um 180° gegenuberilegenden Punk- 
ten angeordnet ist, so dass die Resonanzsi- 
gnale von dem ersten und dem zweiten SIgnal- 
abgriffspunkt (64-,, 642) im Wesentlichen um 
90° in einer Quadraturbezlehung phasenver- 
schoben sind, wobei der erste und der zweite 
SIgnalabgriffspunkt (64-,, 642) ^^^^ elektrische 
Leitungen mit dem Empfanger verbunden sind, 
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gekennzeichnet durch eine zweite elektrisch 
leitfahige Schleife (5O2), die die erste elektrisch 
leitfahige Schleife (50i) teilweise ubeiiappt. 

2. Magnetresonanz-Bildgebungsvorrichtung nach An- 
spruch 1 . die weiterhin Folgendes umfasst: 

einen dritten SIgnalabgriffspunkt zwischen 
elektrisch leitfahigen Verbindungselementen. 
die sich zwischen einem dritten Paar der urn 
180° gegenuberiiegenden Punkten derzweiten 
elektrisch leitfahigen Schleife (5O2) erstrecken; 
und 

einen vierten SignalabgritTspunkt zwischen 
elektrisch leitfahigen Verbindungselementen. 
die zwischen ein viertes Paar von urn 180° ge- 
genuberiiegenden Punkten der zweiten elek- 
trisch leitfahigen Schleife geschaltet sind, wo 
bei das vierte Paar der urn 180° gegenuberiie- 
genden Punkte an der Schleife Inn Wesentli- 
chen unn 90° versetzt vom dritten Paar der urn 
180° gegenuberiiegenden Punkten angeord- 
net ist. 

3. Magnetresonanz-Bildgebungssystem nach An- 
spruch 1 Oder 2, wobei die erste elektrisch leitfahige 
Schleife (60, 50^) und die ersten und zweiten elek- 
trisch leitfahigen Verbindungselemente (62^, 622) 
alle Im Wesentlichen auf einer gemeinsamen Ebe- 
ne liegen. 

4. Magnetresonanz-Blldgebungssystem nach einem 
der vorhergehenden Anspruche, wobei die erste 
elektrisch leitfahige Schleife (60, 50^) quadratisch 
Ist, wobei die ersten der urn 180° gegenuberiiegen- 
den Punkte an Mittelpunkten der ersten gegenuber- 
iiegenden Seiten (6O1, 6O3) des Quadrates ange- 
ordnet sind und die zweiten, urn 180^ gegenuber- 
iiegenden Punkte an Mittelpunkten der zweiten ge- 
genuberiiegenden Seiten (6O2, 6O4) des Quadrats 
angeordnet sind. 

5. Magnetresonanz-Bildgebungssystem nach An- 
spruch 4, wobei die Mittelpunkte der ersten und 
zweiten elektrisch leitfahigen Verbindungselemen- 
te (62^, 622) verbunden sind, urn vier symmetrisch 
miteinander verbundene Segmente zu definieren, 
wobei jedes der miteinander verbundenen Seg- 
mente mit dem mindestens einen Hochfrequenz- 
empfanger verbunden ist, so dass die Spule vier um 
45° voneinander getrennte Moden unterstiitzt. 

6. Magnetresonanz-Bildgebungssystem nach An- 
spruch 1, wobei die erste elektrisch leitfahige 
Schleife und die ersten und zweiten elektrisch leit- 
fahigen Verbindungselemente durch ein Paar von 
schmetteriingsformigen Spulen oder ein Paar von 
Spulen in Form der Ziffer 8 gebildet werden. 



7. MagnetresonanzBildgebungsverfahren, das Fol- 
gendes umfasst: Erzeugen eines vertikalen, tempo- 
rar konstanten Bo-Magnetfelds; selektives Erzeu- 
gen von Gradientenmagnetfeldern uber dem tem- 

5 porar konstanten Bg-Magnetfeld; Erregen einer Re- 
sonanz In ausgewahlten Dipolen innerhalb des Bq- 
Magnetfelds bei einer charakteristischen Reso- 
nanzfrequenz; Empfangen der Resonanzsignale 
von den schwingenden Dipolen;, Demodulieren der 

10 empfangenen Resonanzsignale; und Rekonstruie- 
ren der demodulierten Hochfrequenzslgnale zu ei- 
ner Bilddarstellung; und das femer Folgendes um- 
fassend: Empfangen der Magnetresonanzsignale 
mit einer Hochfrequenzspulenanordnung, die 

15 durch die Verbindung eines ersten Signalabgriffs- 
punkts (64^, 642) zwischen elektrisch leitfahigen 
Elementen (62^) zwischen einem Paar von um 1 80° 
gegenuberiiegenden Punkten einer ersten elek- 
trisch leitfahigen Schleife (60, 50) und durch die 

20 Verbindung eines zweiten Signalabgriffspunkts 
(643, 644) zwischen elektrisch leitfahigen Elemen- 
ten (622) zwischen einem zweiten Paar von um 
180° gegenuberiiegenden Punkten an der ersten 
elektrisch leitfahigen Schleife gebildet wird, wobei 

25 das zweite Paar der um 180° gegenuberiiegenden 
Punkte um 90° vom ersten Paar versetzt angeord- 
net Ist, so dass Resonanzsignalkomponenten, die 
von dem ersten und dem zweiten SIgnalabgriffs- 
punkt demoduliert werden, im Wesentlichen um 90° 

30 In einer Quadraturbeziehung phasenverschoben 
sind, gekennzeichnet durch den Schritt, dass in 
der Spulenanordnung eine zweite elektrisch leitfa- 
hige Schleife vorgesehen wird, die die erste elek- 
trisch leitfahige Schleife teilweise uberiappt. 

35 

8. Verfahren nach Anspruch 7, einschliefilich des An- 
ordnens von elektrisch leitfahigen Schleifen und der 
ersten und zweiten elektrisch leitfahigen Verbin- 
dungselemente in einer im Wesentlichen gemeln- 

40 samen Ebene, und des Positionierens der Hochfre- 
quenzspule in dem Bo-Magnetfeld auf eine solche 
Welse, dass die gemeinsame Ebene im Wesentli- 
chen rechtwinklig zu dem BQ-Feld liegt. 



45 

Revendlcations 

1 . Systeme d'imagerie par resonance magn^tique qui 
comporte une paire de pieces polalres d'aimant g§- 

50 neralement horizontals (12, 14) entre lesquelles 
un champ magnetique Bq temporellement constant 
et vertical est d6finl, un trajet de flux ferreux (16) 
generalement en forme de C reliant les pieces po- 
laires (12, 14), des bobines de champ magnetique 

55 ^ gradient (20, 22) qui sont disposees d'une manie- 
re contigue aux pieces polaires (12, 14) pour creer 
des champs magn^tiques a gradient a travers le 
champ magnetique Bq temporellement constant, 
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des moyens pour exciter une resonance dans des 
dipoles selectionnes entre les faces polaires de tel- 
le faQon que les dipdies g§n6rent des signaux de 
resonance autour d'une frequence de resonance 
caracteristique, un ensemble de bobines a haute 5 
frequence (50) pour recevoir des signaux de reso- 
nance en provenance des dipoles resonnants, au 
moins un r^cepteur a haute frequence (52) pour de- 
moduler les signaux de resonance en provenance 
de la bobine a haute frequence, et un processeur io 
de reconstitution (56) pour reconstituer les signaux 
d haute frequence demodul6s en une representa- 
tion video, et dans iequel Tensemble de bobines a 
haute frequence comporte: 

15 

une premiere boucle electriquement conductri- 
ce (60, 50^); 

un premier point d'extractionde signal (64-,) en- 
tre des elements de connexion electriquement 
conducteurs (62-, ) s'6tendant entre une premie- 20 
re paire de points opposes a 180"* de la premie- 
re boucle electriquement conductrice; 
un deuxieme point d'extraction de signal (642) 
entre des elements electriquement conduc- 
teurs (622) qui sont connectes entre une 25 
deuxieme paire de points opposes k 180° sur 
la premiere boucle electriquement conductrice 
(60, 50-,), Iequel deuxieme de points opposes 
§ ISO"" sur la premiere boucle Electriquement 
conductrice (60, 50-, ) est sensiblement decalee 30 
de 90"" par rapport a la premiere paire de points 
opposes k 180° de telle fapon que les signaux 
de resonance en provenance des premier et 
deuxieme points d'extraction de signal (64, 
642) soient sensiblement dephas6s de 90° se- 35 
Ion une relation en quadrature, les premiers et 
deuxiemes points d'extraction de signal (64-,, 
642) etant connectes par rinterm^diaire de fits 
conducteurs electriques au recepteur, caracte- 
rise par une deuxieme boucle electriquement 40 
conductrice (5O2) qui chevauche partlellement 
la premiere boucle electriquement conductrice 
(50i). 

2. Dispositif d'imagerie par resonance magnetique se- 45 
Ion la revendication 1 , comportant encore: 

un troisieme point d'extraction de signal entre 
des elements de connexion electriquement 
conducteurs qui s'etendent entre une troisieme so 
paire de points opposes a 180° de la deuxi§me 
boucle electriquement conductrice (5O2); et 
un quatrieme point d'extraction de signal entre 
des elements de connexion electriquement 
conducteurs qui sont connectes entre une qua- 55 
tridme paire de points opposes a 180° sur la 
deuxieme boucle electriquement conductrice, 
lesquels quatri^mes points opposes k 180° sur 



la boucle sont sensiblement decales de 90° par 
rapport a la troisieme paire de points opposes 
k 180°. 

3. Systeme d'imagerie par resonance magnetique se- 
lon la revendication 1 ou 2, dans Iequel la premiere 
boucle electriquement conductrice (60, 50-,) et les 
premiers et deuxiemes elements de connexion 
Electriquement conducteurs (62-,, 622) se situent 
tous sensiblement dans un plan commun. 

4. Systeme d'imagerie par resonance magnetique se- 
lon I'une quelconque des revendications preceden- 
tes, dans Iequel la premiere boucle electriquement 
conductrice (60, 50-,) est carree, les premiers points 
opposes a 180° etant disposes au niveau de points 
medians de premiers cotes opposes (60^, 6O3) du 
carre et les deuxiemes points opposes a 1 80° etant 
disposes au niveau de points medians de deuxie- 
mes cotes opposes (6O2, 6O4) du carre. 

5. Systeme d'imagerie par resonance magnetique se- 
lon la revendication 4, dans Iequel des points me- 
dians des premiers et deuxiemes elements de con- 
nexion electriquement conducteurs (62^, 622) sont 
connectEs pour dEflnir quatre segments d'intercon- 
nexion symetriques, chacun des segments d'inter- 
connexion etant connecte a le au moins un recep- 
teur a haute frequence de telle fagon que la bobine 
supporte quatre modes etant espaces de 45°. 

6. Apparel! d'imagerie par resonance magnetique se- 
lon la revendication 1 , dans Iequel la premiere bou- 
cle electriquement conductrice et les premiers et 
deuxiemes Elements de connexion Electriquement 
conducteurs sont formes a partir d'une paire de bo- 
bines en forme de paplllon ou a partir d'une paire 
de bobines en fornne de huit. 

7. ProcedE d'imagerie par rEsonance magnEtique qui 
comprend la genEration d*un champ magnEtique Bq 
temporellement constant et vertical, la genEration 
sElective de champs magnetiques a gradient a tra- 
vers le champ magnEtique Bq temporellement 
constant, I'excitation d'une rEsonance dans des di- 
poles sElectionnes qui sont disposEs dans le champ 
magnEtique Bq E une frEquence de rEsonance ma- 
gnEtique, la rEception des signaux de rEsonance en 
provenance des dipdies rEsonnants, la dEmodula- 
tion des signaux de rEsonance regus et la recons- 
titution des signaux k haute frEquence dEmodulEs 
en une reprEsentation vidEo, comprenant la rEcep- 
tion des signaux de rEsonance magnEtique a I'aide 
d'un ensemble de bobines a haute frEquence qui 
est formE en connectant un premier point d'extrac- 
tion de signal (64-,, 643) entre des ElEments Electri- 
quement conducteurs (62-,) entre une paire de 
points opposEs E 180° d'une premiere boucle Elec- 
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triquement conductrice (60. 50^), et la connexion 
d'un deuxieme point d'extraction de signal (64, 642) 
entre des Elements ^lectriquement conducteurs 
(622) entre une deuxieme paire de points opposes 
a 1 80° sur la boucle electrlquement conductrice, la 5 
deuxieme paire de points opposes S ISC' etant d§- 
calee de 90° par rapport a la premiere paire de telle 
fagon que les composantes de signal qui sont de- 
modul^es d partir des premier et deuxieme points 
d'extraction de signal soient senslblement depha- 10 
sees de 90° selon une relation en quadrature, ca- 
ract4iis6 par I'etape consistant § inclure dans ledit 
ensemble de bobines une deuxieme boucle electri- 
quement conductrice qui chevauche partiellement 
la premiere boucle Electrlquement conductrice. ^5 

Procede selon la revendication 7, comprenant 
Tagencement des boucles electrlquement conduc- 
trlces et des premiers et deuxiemes elements elec- 
trlquement conducteurs sensiblement dans un plan 20 
commun et le positionnement de la bobine a haute 
frequence dans le champ magnetlque Bq avec le 
plan commun senslblement perpendlculaire au 
champ Bq. 
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